During rotation the rotor can be vibrated by using two voice-coil type linear electromagnetic shakers that apply axial forces to the rotor. Dynamic measurements are obtained yielding the blade's natural frequencies. The current rotational speed in the DSR is limited due to heating problems with the mechanical bearings.
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Additionally, the life of the mechanical bearing is limited.
The existing excitation system is limited in the excitation energy it can provide and it can only excite in one plane.
As an alternative to the existing excitation system, a radial active magnetic bearing has been incorporated into the rig to provide magnetic excitation. It also replaces the lower mechanical bearing thereby providing magnetic reduces the torque required to drive the disk and renders aerodynamic effects negligible.
The two 220-N (50-1bf) shakers move the shaft by acting on the outer race of a thrust bearing. The shakers are operated in phase to provide axial excitation and out of phase to produce a moment on the shaft. Shaft motion is permitted because the rotor bearings are mounted on rubber supports. These supports introduce damping into all modes that couple to axial or transverse motion of the shaft.
The original design of the DSR has the shaft supported by two bearings. There is a beating at the top and bottom end of the shaft and the blade disk is between the beatings.
The bearings are deep groove ball type with grease packing and phenolic cages. A current study has concluded that the rig should be able to run at 10 000 rpm without exceeding the recommended DN limit of the bearings. However, running at 15 000 rpm is not recommended. The rig has been operated up to 20 000 rpm but only for short times.
The bearings heat up during operation and a temperature of 220°F is used to limit duration at high speeds. When this temperature is reached, the speed of the rig is reduced and the bearings allowed to cool down.
The new magnetic suspension and excitation system involves using a single radial heteropolar active magnetic bearing to replace the lower mechanical bearing. In Fig. 3 , the magnetic bearing is shown installed in the rig. This new system adds additional spin vibration testing capabilities to the rig. Details of the new system will be presented in a later section.
Magnetic Suspension and Excitation
The active magnetic bearing is a 4-pole (with 3 legs/ pole existing as an artifact of a previously fabricated stator stamping for a motor) heteropolor type (see 
System Dynamics
The force, F, generated by one pole of an electromagnet can be shown to be given by the following equation:
4 Xg where i is the current in the coil, N is the number of coil turns, A is the pole face area, xg is the gap distance, and/t 0 is the permeability of free space.
The force in Eq. (1) is attractive and increases as the gap decreases. This attractive force produces an unstable
system for an open loop magnetic bearing configuration.
The net force produced by an opposing pair of identical electromagnets on a single axis is the sum of the forces produced by each electromagnet, taking into account the sign convention. The net force, F n, is obtained using the following equation:
Lx I x 2j (2) where the subscripts indicate an association with aparticular magnet, and
Conventional magnetic bearing practice linearizes the force-current relationship by using abias current along with a superimposed control current. In order to obtain a linear relation between force and control current we express the currents i 1 and i2 in the opposing coils as:
and
where ib is the bias current and ic is the perturbation or control current. Generally, the bias current is chosen to be equal to one-half the maximum allowable current. Next we express each gap in terms of the nominal gapx 0 and the deviation x from this nominal value caused by the rotor displacement:
Combining Eqs. (4) to (7) and (2) yields:
For x = 0, we can simplify the force equation to involve only ic as a variable:
F"=X-_o
This further simplifies to a linear relationship between force and control current that can be used to implement control commands based on classical linear control theory:
In order to find the change in force due to a change in position (position stiffness) and the change in force due to a change in current (current stiffness) it is necessary to take the derivative of the force with respect to the variable of interest. Using Eq. (8), the position stiffness evaluated about x = 0 and ic ---0 is:
and the current stiffness evaluated at x = 0 and ic = 0 (from Eq. (10)) is:
Now we have a linear relationship between force and control current:
This linearized force equation is generally used for linear control development even though the assumptions that were made are occasionally violated in practice.
For proportional-derivative (PD) feedback control the following relation is used:
where Kp is the proportional control gain and K d is the derivative control gain.
Consequently, for a rigid rotor, an equivalent lumped (8) mass model,meo, of the rotor can be used and the dynamics of the system would become:
Substituting Eq. (14) into Eq. (13) and Eq. (14) into Eq. (15) and simplifying, the following is obtained:
Equation (16) 
The resulting system dynamics becomes:
where the excitation force, Fex, is given by:
Finally, if we define
then the final dynamic equation becomes:
Magnetic Suspension (13)
The magnetic bearing operates not only as an exciter but as a fully functioning magnetic bearing. 
